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(54) Vehicle antenna system with fiber-optic signal transmission 



(57) An antenna system comprising antennas (1 1 a- 
1 1 d) mounted on a vehicle, amplifiers (1 2a-1 2d) for am- 
plifying radio signals received by the antennas (Ha- 
nd), light emitting parts (1 4a- 1 4d) with wavelengths dif- 
ferent from one another that convert the amplified radio 
signals into optical signals and that output the optical 
signals, multiplexing means (21 b-21 d) that multiplex the 
optical signals into a single optical signal, a fiber-optic 



cable (1 5d) that is installed in the vehicle and that is used 
for transmitting the single optical signal, 
demultiplexing means (22a-22d) for demultiplexing the 
single optical signal transmitted through the fiber-optic 
cable (1 5d) and for outputting the demultiplexed optical 
signals, and light receiving parts (1 6a-16d) that receive 
the optical signals, convert the optical signals to electrk 
cal signal, and output the electrical signals. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an antenna 
system suitable to be mounted on a vehicle, such as a 
motor vehicle, a railway vehicle, and so forth. 

2. Description of the Related Art 

[0002] Conventionally, the global positioning system 
(GPS) has been used as a car navigation device for dis- 
playing the current position or the traveling direction of 
a motor vehicle. A GPS device detects a radio wave 
transmitted from an artificial satellite and obtains car po- 
sition information for displaying the current position and 
the traveling direction of a running motor vehicle. There 
has been a growing trend for many systems, including 
a system for receiving satellite broadcasts, an emergen- 
cy telephone system, and so forth, to be installed in mo- 
tor vehicles. Therefore, an antenna is provided for each 
system. These antennas are installed on the roof or in 
the trunk of the motor vehicle, depending on the space 
required, the reception environment, and so forth. 
Therefore, in general, the antennas are installed so as 
to be some distance from the main body of their asso- 
ciated system, and the antennas are connected to the 
main bodies by coaxial cables. 

[0003] In the above, the GPS device is given as an 
example of the related art. In such a case, an antenna 
system is installed in a motor vehicle. An antenna of the 
antenna system receives a radio signal and the radio 
signal is transmitted from the antenna to a G PS receiver 
of the GPS main body. For example, if the antenna is 
installed on the roof of the motor vehicle, an electrical 
cable such as a coaxial cable is provided so as to extend 
from the position where the antenna is installed to the 
trunk or to the driver's seat of the motor vehicle, where 
the main body of the GPS device is installed. In this 
case, the antenna and the GPS receiver are connected 
by an electrical cable, whereby the radio signal, which 
is received by the antenna on the root, is transmitted to 
the GPS receiver in the main body of the GPS device 
through the electrical cable. Then, the GPS receiver de- 
tects a radio wave transmitted from an artificial satellite 
by using the radio signal transmitted through the elec- 
trical cable. 

[0004] However, since the electrical cable is used for 
transmitting the radio signal in the case of the above- 
described antenna system, the radio signal may be af- 
fected by electromagnetic noise outside the electrical 
cable while the radio signal is transmitted through the 
electrical cable, whereby the GPS receiver may not be 
able to correctly detect the radio wave transmitted from 
the artificial satellite because of the electromagnetic 
noise. 



[0005] in some cases, the effects of the external elec- 
tromagnetic noise on the motor vehicle or the railway 
vehicle may be increased according to the location of 
the traveling vehicle. Therefore, it is desired that the ef- 

5 fects of electromagnetic noise be reduced. Further, the 
above-described vehicles have many other devices that 
can generate electromagnetic noise. These devices 
may include an engine, a drive motor, and so forth. 
Therefore, it is also desired to prevent the effects of the 

io electromagnetic noise. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an object of the present inven- 
tion to provide an antenna system that can protect a ra- 
dio signal received by the antenna thereof, which is 
mounted on a vehicle, from the effect of electromagnetic 
noise outside a transmission cable while the radio signal 
is transmitted through the transmission cable. 
[0007] According to an aspect of the present inven- 
tion, an antenna system of the present invention com- 
prises an antenna mounted on a vehicle, an amplifying 
unit for electrically amplifying a radio signal received by 
the antenna, and a light emitting unit that converts the 
amplified radio signal into an optical signal and that out- 
puts the optical signal. The antenna system further com- 
prises a fiber-optic cable installed in the vehicle and 
which is used for transmitting the optical signal and a 
light receiving unit that receives the optical signal trans- 
mitted through the fiber-optic cable, converts the optical 
signal to an electrical signal, and outputs the electrical 
signal. 

[0008] Thus, according to the present invention, the 
radio signal received by the antenna is converted into 
the optical signal and is transmitted through the fiber- 
optic cable. Therefore, the optical signal is prevented 
from being affected by electromagnetic noise outside 
the fiber-optic cable while the optical signal is transmit- 
ted through the fiber-optic cable. 
[0009] Preferably in the antenna system of the 
present invention, the light emitting unit is provided for 
each of a plurality of the antennas, and the plurality of 
light emitting units generates optical signals with wave- 
lengths that are dinerent from one another and a plural- 
ity of the light receiving units is provided so as to be 
paired with the plurality of light emitting units. The an- 
tenna system may further comprise at least one multi- 
plexing unit that multiplexes the optical signals output 
from the plurality of light emitting units into a single op- 
tical signal, which is transmitted through the fiber-optic 
cable. The antenna system may further comprise a de- 
multiplexing unit provided for each of the plurality of light 
receiving units. The demultiplexing unit is provided for 
demultiplexing the optical signal with the wavelength 
generated by the light emitting unit, which is paired with 
the light receiving unit, from the single optical signal 
transmitted through the fiber-optic cable and for output- 
ting the demultiplexed optical signal to the light receiving 
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unit. 

[0010] According to the present invention, the radio 
signals received by the antennas are multiplexed and 
are transmitted through the single fiber-optic cable. 
Therefore, the amount of cable installed is reduced and s 
the installation of the fiber-optic cable becomes easier. 
Therefore, the weight of the antenna system is reduced. 
[0011] Preferably, the antenna system of the present 
invention further comprises a frequency conversion unit 
for downconverting the frequency of the radio signal to 10 
a predetermined intermediate frequency. 
[0012] According to the present invention, even 
though the frequency of the radio signal received by the 
antenna is not within the frequency range of the optical 
signal that can be emitted by the light emitting unit, the 15 
radio signal frequency can be used when it is reduced 
by the frequency conversion unit 
[0013] Preferably, the antenna system of the present 
invention further comprises an encoding unit for encod- 
ing the radio signal according to a predetermined coding 20 
scheme and a decoding unit for decoding the signal out- 
put from the light receiving unit according to the prede- 
termined coding scheme. 

[0014] According to the present invention, the radio 
signal is encoded and transmitted. Therefore, influenc- 25 
es on the optica! signal transmission, e.g.', transmission 
losses, are reduced and the optical signal can be re- 
ceived better by a receiver. 

[0015] Recently, since the number of devices mount- 
ed in a vehicle has been increasing, it has become in- 30 
creasingly difficult to provide space in the vehicle for 
mounting the devices therein. In such a case, the an- 
tenna system of the present invention is effective, be- 
cause, in this antenna system, such devices are inte- 
grated so that the main body of the integrated devices 35 
can be mounted in the trunk or the like and the antennas 
are integrated so that they can be accommodated in a 
single housing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

FIG. 1 illustrates an example configuration of an an- 
tenna system according to a first embodiment of the 
present invention; 

FIG. 2 illustrates an example configuration of an an- 
tenna system according to a second embodiment 
of the present invention; 

FIG. 3 illustrates an example configuration of an an- 
tenna system wherein the antennas shown in FIG. 
2 are configured as a single antenna unit; 
FIG. 4 illustrates a method of mounting the above- 
described antenna unit; and 
FIG. 5 is a block diagram illustrating an example 
configuration of an antenna system according to a 
third embodiment of the present invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Embodiments of the present invention will now 
be described with reference to the drawings. 
[0018] FIG. 1 shows an example configuration of an 
antenna system according to a first embodiment of the 
present invention. The antenna system in this drawing 
is mounted in a motor vehicle and is used in a G PS- 
based car navigation device. 

[0019] As shown in FIG. 1 , the antenna system com- 
prises an antenna 11 , an amplifier 12, a frequency con- 
version part 13, a light emitting part 14, a fiber-optic ca- 
ble 15, and a light receiving part 16. The antenna 11 is 
used for receiving a radio signal transmitted from an ar- 
tificial satellite. The amplifier 1 2 electrically amplifies the 
radio signal received by the antenna 1 1 to a predeter- 
mined level. The frequency conversion part 13 down- 
converts the frequency of the amplified radio signal to a 
predetermined intermediate frequency (IF) and outputs 
the resulting radio signal. The light emitting part 14 con- 
verts the signal output from the frequency conversion 
part 1 3 to an optical signal and outputs the optical signal . 
The antenna 1 1 , the amplifier 12, the frequency conver- 
sion part 13, and the light emitting part 14 are installed 
on an antenna-mounting position. In this example, these 
elements are mounted in an antenna case formed on 
the roof of the motor vehicle. A light-emitting diode 
(LED) can be used, for example, as a light emitting ele- 
ment of the light emitting part 14. 
[0020] The fiber-optic cable 15 is provided so as to 
extend from the roof to the driver's seat, where the main 
body of a GPS device is installed. This fiber-optic cable 
15 connects the light emitting part 14, which is mounted 
in the antenna case, to the light receiving part 1 6, which 
is provided near the main body of the GPS device. The 
light receiving part 1 6 receives the optical signal trans- 
mitted through the fiber-optic cable 15, converts the op- 
tical signal to an electrical signal, and outputs the elec- 
trical signal to the main body of the GPS device. A GPS 
receiver provided in the main body of the GPS device 
detects the radio wave transmitted from the artificial sat- 
ellite by using the electrical signal input from the receiv- 
ing part 16. A photo diode (PD), for example, can be 
used as a light receiving element of the light receiving 
part 16. 

[0021] As has been described in the first embodiment, 
the radio signal received by the antenna 11 is converted 
into the optical signal and is transmitted through the fib- 
er-optic cable 15, which is provided in the motor vehicle. 
Therefore, the optical signal is protected from electro- 
magnetic noise outside the fiber-optic cable 15 while it 
is transmitted. 

[0022] Next, a second embodiment of the present in- 
vention will be described. An antenna system accord- 
ing-to the second embodiment multiplexes radio signals 
received by a plurality of antennas and transmits the 
multiplexed radio signals on a single fiber-optic cable. 



45 



50 



BEST AVAILABLE COPY 



BNSDOCID: <EP 1363352A1_I_> 




EP1 



FIG. 2 illustrates an example configuration of the anten- 
na system of the second embodiment. As shown in this 
drawing, this antenna system comprises four antennas 
1 1 a to 1 1 d. Four radio signals are received by these an- 
tennas 11a to lid and are multiplexed. The multiplexed 
radio signals are transmitted through a fiber-optic cable 
15d. The antenna 11a receives GPS radio waves, the 
antenna 11b receives radio waves for a satellite digital 
audio radio service (SDARS), the antenna 11c receives 
radio waves for a vehicle information communication 
system (VICS), and the antenna 11d receives radio 
waves for dedicated short range communication 
(DSRC). 

[0023] As shown in FIG. 2, on the optical signal trans- 
mission side, amplifiers 12a to 12d, frequency conver- 
sion parts 13a to 13d, and light-emitting parts 14a to 14d 
are provided for the antennas 11a to 11d. These light 
emitting parts 1 4a to 1 4d emit optical signals. The wave- 
lengths of Ihe optical signals vary from Xa to Xd. The 
light emitting parts 14b to 14d are connected to multi- 
plexing parts 21 b to 21 d. The multiplexing part 21 b mul- 
tiplexes an optical signal input from a fiber optic cable 
1 5a and another optical signal input from the light emit- 
ting part 1 4b, and outputs the multiplexed optical signals 
to a fiber optic cable 1 5b. The multiplexing part 21 c mul- 
tiplexes an optical signal input from a fiber optic cable 
1 5b and another optical signal input from the light emit- 
ting part 1 4c, and outputs the multiplexed optical signals 
to a fiber optic cable 1 5c. The multiplexing part 21 d mul- 
tiplexes an optical signal input from a fiber optic cable 
1 5c and another optical signal input from the light emit- 
ting part 14d, and outputs the multiplexed optical signals 
to the fiberoptic cable 15d. 

[0024] Subsequently, the optical signals with the four 
wavelengths Xa to Xd output from the light emitting parts 
1 4a to 1 4d are multiplexed and transmitted to an optical 
signal receiving side through the fiber-optic cable 15d. 
[0025] Four demultiplexing parts 22a to 22d and light 
receiving parts 16a to 16d that are connected thereto 
are provided on the optical signal receiving side. The 
light receiving parts 1 6a to 1 6d are paired with the light 
emitting parts 14a to 14d, respectively. 
[0026] The demultiplexing part 22a demultiplexes on- 
ly the optical signal with the wavelength Xa from the op- 
tical signals input from the fiber-optic cable 1 5d and out- 
puts the demultiplexed signal to the light receiving part 
1 6a. The optical signals other than the optical signal with 
the wavelength Xa are output to a fiber-optic cable 15e. 
The light receiving part 16a converts the optical signal 
with the wavelength Xa into an electrical signal and out- 
puts the electrical signal to the main body of the GPS 
device. 

[0027] The demultiplexing part 22b demultiplexes on- 
ly the optical signal with the wavelength Xb from the op- 
tical signals input from the fiber-optic cable 1 5e and out- 
puts the demultiplexed signal to the light receiving part 
1 6b. The optical signals otherthan the optical signal with 
the wavelength Xb are output to a fiber-optic cable 15f. 
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The light receiving part 1 6b converts the optical signal 
with the wavelength Xb to an electrical signal and out- 
puts the electrical signal to the main body of an SDARS 
receiver. 

5 [0028] The demultiplexing part 22c demultiplexes on- 
ly the optical signal with the wavelength Xc from the op- 
tical signals input from the fiber-optic cable 15f and out- 
puts the demultiplexed signal to the light receiving part 
16c. The other signal, that is, the signal with the wave- 

io length Xd is output to a fiber-optic cable 15g. The light 
receiving part 1 6c converts the optical signal with the 
wavelength Xc to an electrical signal and outputs the 
electrical signal to the main body of a VICS device. 
[0029] The demultiplexing part 22d demultiplexes the 

15 optical signal with the wavelength Xd input from the fib- 
er-optic cable 15g and outputs the demultiplexed signal 
to the light receiving part 16d. The light receiving part 
16d converts the optical signal with the wavelength Xd 
to an electrical signal and outputs the electrical signal 

20 to the main body of a DSRC receiver. 

[0030] As described in the second embodiment, the 
radio signals received by the antennas are multiplexed 
and are transmitted through the single fiber-optic cable. 
Therefore, the amount of installed cable required is re- 

25 duced, whereby the installation of the fiber-optic cable 
is made easier. 

[0031] Further, since restrictions on the length of the 
cable are relaxed by the use of the fiber-optic cable, the 
antennas of the above-described systems are config- 

30 ured as one antenna unit and can be installed in one 
place, such as at a predetermined position on the roof. 
FIG. 3 shows an example antenna unit comprising the 
antennas 11 a to 11d shown in FIG. 2. As shown in FIG. 
3, the antennas 11a to 11 d are mounted in a single an- 

35 tenna uni + 1 01 . The amplifiers 1 2a to 1 2d, the frequency 
conversion parts 1 3a to 1 3d, the light emitting parts 1 4a 
to 1 4d, and the multiplexing parts 21 b to 21 d are mount- 
ed in a single circuit unit 102. FIG. 3 separately illus- 
trates only the light emitting part 14a and the multiplex- 

40 ing parts 21 b to 21 d for convenience of description. 
[0032] The antenna unit 101 and the circuit unit 102 
are connected and accommodated in an antenna case 
1 1 0. The light emitting part 1 4a and the multiplexing part 
21b of the circuit unit 102 are connected to each other 

45 by the fiber-optic cable 15a, the multiplexing part 21b 
and the multiplexing part 21 c are connected by the fiber- 
optic cable 15b, and the multiplexing part 21c and the 
multiplexing part 21 d are connected by the fiber-optic 
cable 1 5c. The fiber-optic cable 1 5d, which is connected 

so to the multiplexing part 21 d, is laid from the point where 
the antenna case 1 1 0 is installed to the point where the 
main body of the antenna system is installed, for exam- 
ple, in the trunk or the like. The antenna case 1 1 0 is cov- 
ered by an antenna cover 120 and is installed on the 

55 roof of a motor vehicle 200, as shown in FIG. 4, for ex- 
ample. 

[0033] Thus, the antennas of the above-described 
systems can be configured as a single antenna unit. Fur- 
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ther, the circuits on the transmission side can be config- 
ured as the above-described single circuit unit. 
[0034] As has been described in the above-described 
embodiments, the frequency conversion parts are pro- 
vided. However, if the frequencies of radio signals re- 
ceived by the antennas are within the frequency ranges 
of optical signals that can be emitted by the light emitting 
elements of the light emitting parts, the frequency con- 
version parts need not be provided. 
[0035] Next, a third embodiment of the present inven- 
tion will be described. An antenna system according to 
this embodiment encodes a radio signal and transmits 
the encoded radio signal. FIG. 5 shows an example con- 
figuration of this antenna system. As shown in this draw- 
ing, the antenna system has an encoding part 31 on the 
optical signal transmission side according to the first 
embodiment. The antenna system further has a decod- 
ing part 32 on the optical signal receiving side according 
to the first embodiment. 

[0036] The encoding part 31 encodes the radio signal, 
which is amplified by the amplifier 12, in a predeter- 
mined coding scheme and outputs the encoded radio 
signal. The encoded radio signal is converted into an 
optical signal by the light emitting part 14 and is trans- 
mitted through the fiber-optic cable 15. On the optical 
signal receiving side, the transmitted optical signal, that 
is, the encoded signal, is received and is converted into 
an electrical signal by the light receiving part 1 6. Then, 
the electrical signal is decoded and output by the de- 
coding part 32. 

[0037] Thus, according to the third embodiment, radio 
signals are encoded and converted into optical signals 
for transmission. Subsequently, influences on the opti- 
cal signal transmission, e.g., transmission losses, are 
reduced and the optical signals are received better by 
a receiver. Further, signal multiplexing can be performed 
by a single light source. 

[0038] The antenna system in the above-described 
embodiment can be used for various systems other than 
the above-described radio wave receiving systems such 
as the GPS device or the like. For example, the antenna 
system can be used for an automotive information pro- 
vider such as an electronic toll collection system (ETC). 
The antenna can also be used for a communication sys- 
tem such as a movile telephone system. Further, the an- 
tenna system can also be used for a radio wave trans- 
mission system by providing an output part in the anten- 
na unit thereof. 

[0039] Although the antenna systems according to 
the above-described embodiments are used for a motor 
vehicle, they can be used for other vehicles such as rail- 
way vehicles or the like. 

[0040] The embodiments of the present invention 
have been described with reference to the attached 
drawings. However, the specific configuration of the 
present invention is not limited to the above-described 
embodiments, but can be altered without departing from 
the scope of the invention. 



Claims 

1 . An antenna system comprising: 

s an antenna mounted on a vehicle; 

amplifying means for electrically amplifying a 
radio signal received by the antenna; 
light emitting means that converts the amplified 
radio signal into an optical signal and that out- 

10 puts the optical signal; 

a fiber-optic cable installed in the vehicle and 
which is used for transmitting the optical signal; 
and 

light receiving means that receives the optical 
15 signal transmitted through the fiber-optic cable, 

converts the optical signal to an electrical sig- 
nal, and outputs the electrical signal. 

2. An antenna system according to Claim 1 , wherein 
20 the light emitting means is provided for each of a 

plurality of the antennas, and the plurality of light 
emitting means generates optical signals with 
wavelengths that are different from one another, 
and 

a plurality of the light receiving means is pro- 
vided so as to be paired with the plurality of light 
emitting means, 

and wherein the antenna system according to 
Claim 1 further comprises: 

multiplexing means that multiplexes the optical 
signals output from the plurality of light emitting 
means into a single optical signal, which is 
transmitted through the fiber-optic cable; and 

35 demultiplexing means provided for each of the 

plurality of light receiving means for demulti- 
plexing the optical signal with the wavelength 
generated by the light emitting means, which is 
paired with the light receiving means, from the 

40 single optical signal transmitted through the fib- 

er-optic cable and for outputting the demulti- 
plexed optical signal to the light receiving 
means. 

45 3. An antenna system according to Claim 1 or Claim 
2, further comprising frequency conversion means 
fordownconvertingthefrequency of the radio signal 
to a predetermined intermediate frequency. 

50 4. An antenna system according to Claim 1 or Claim 
2, further comprising: 

encoding means for encoding the radio signal 
according to a predetermined coding scheme; 
55 and 

decoding means for decoding the signal output 
from the light receiving means according to the 
predetermined coding scheme. 
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FIG. 1 
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